SUMMARY Three cases of neutropenic enterocolitis are described. This unusual condition occurs almost exclusively in neutropenic patients and has a fulminating course which is almost invariably fatal without surgical intervention. The lesion is centred on the caecum and hitherto its pathogenesis has been unclear, partly because most studies have been performed on material obtained at necropsy. In these three patients, all of whom were treated surgically, Clostridium septicum was identified by specific immunofluorescence in the bowel wall of the resected specimens. Two patients also had C septicum septicaemia. Various forms of mucosal damage can be identified which predispose towards invasion of the bowel wall by this organism. These cases provide further confirmation of a primary role for C septicum in the pathogenesis of neutropenic enterocolitis.
Several types of gastrointestinal lesion have been described in patients with leukaemia.' These include leukaemic infiltration, mucosal haemorrhage, fungal infection, and atypical epithelial changes directly attributable to cytotoxic drugs.2 More recently, necrotising enterocolitis, associated with localised infection or bacteraemia, or both, has been increasingly recognised as a particular complication of leukaemia.3
The name necrotising enterocolitis is confusing and probably includes three separate and distinct entities: pseudomembranous colitis, ischaemic colitis, and neutropenic enterocolitis.4 Pseudomembranous colitis has a characteristic morphology and is linked with antibiotic treatment, and Clostridium difficile or its toxin or both is present in the stool.
Acute ischaemic colitis is usually associated with ulceration, extensive mucosal and submucosal haemorrhage, and fibrin thrombi in vessels. The third group variously known as the ileocaecal syndrome, typhlitis, or, most commonly, neutropenic enterocolitis57 is a distinct clinicopathological syndrome of unknown aetiology in which patients often present with abdominal pain and fever resembling appendicitis. The lesion, often diagnosed only at necropsy, is usually centred on the caecum, which shows pronounced thickening of its wall with intense Accepted for publication 16 November 1983 oedema and necrosis and variable numbers of microorganisms. Although the mortality is high, there have been recent reports of successful treatment by surgery-'0 and even antibiotics alone."
The pathogenesis of neutropenic enterocolitis is not entirely clear. The link with neutropenia seems strong since the condition is also encountered in neutropenia attributable to other causes-for example, cyclic neutropenia'2 -`a nd drug induced agranulocytosis. '6 Although there are few detailed descriptions of the pathology, most authors have seen organisms within the lesions. The organisms cultured from blood or bowel have, however, been varied and often mixed, and, as most descriptions refer to postmortem material, it is not always clear whether the organisms have played a primary role or are merely secondary invaders. There have been three recent reports of four cases of neutropenic colitis'2-'4 in which C septicum septicaemia was associated with characteristic ileocaecal disease. In three of these cases Gram positive rods were seen in the bowel wall. Rifkin postulated that this organism might be crucial to the development of neutropenic enterocolitis.'3 The many other organisms found by other authors may then be secondary invaders or even represent postmortem growth.
C septicum is not a common cause of nontraumatic sepsis in man. Most of the recent reports of C septicum infection, however, have been in 336 patients with leukaemia or colonic cancer.'7-'9 Although none of these authors gives a detailed description of the pathological findings, most authors describe haemorrhage and necrosis of the caecum or distal ileum or "caecitis."
In this report we describe three leukaemic patients with classic neutropenic enterocolitis, each of whom was subjected to bowel resection. In all three patients material for histological examination was available early in the course of the patient's illness and there was therefore little or no opportunity for secondary bacterial invasion. In all three cases C septicum bacilli alone were shown in the bowel wall by specific immunofluorescence.
Material and methods C septicum fluorescein isothiocyanate labelled "0" antiserum was used, which is a mixture of three different rabbit antisera raised against three strains: groups I and II described by Moussa20 and a third serologically distinct strain isolated in Tasmania (donated by Wellcome Research Laboratories).
C difficile fluorescein isothiocyanate labelled "0" antiserum was raised in rabbits against an 18 h culture of a toxigenic strain of C difficile ( Bone marrow remission of the leukaemia was achieved at the end of the second month of treatment. Two months later she was readmitted to hospital, three weeks after a maintenance course of cytotoxic treatment. She complained of anorexia for five days and a one day history of abdominal pain, vomiting, fever, and constipation. She was febrile, pale, and sweaty with generalised guarding, rigidity, and rebound tenderness of the abdomen. Bowel sounds were diminished. The white blood cell count was 2-2 x 109/l, with neutrophils less than 0-5 x 19/Il.
Her condition deteriorated over the next few hours. A recurrence of C difficile infection complicated by colonic performation was suspected, although she had not received any antibiotics during the previous month. At laparotomy free blood stained fluid was found in the peritoneal cavity, apparently emanating from an abnormal ileocaecal region, which was excised. Perioperatively she was given intravenous fluids, cefotaxime, gentamicin, and metronidazole, but she remained hypotensive and anuric and died the next day. Blood taken on admission to hospital subsequently yielded a pure culture of C septicum. C difficile was not found in the bowel contents.
Pathology
The resected bowel consisted of 20 cm of terminal ileum together with the right colon. On both sides of the ileocaecal valve the bowel mucosa was oedematous with bulging mucosal folds and focal haemorrhage. Several small ulcers (about 0-5 cm diameter) were also present in the terminal ileum. Sections showed that each of the ileal ulcers was related to a mucosal leukaemic deposit associated with areas of coagulative necrosis of both mucosa and submucosa (Fig. 1) . The muscularis propria showed patchy necrosis, mainly of the inner coat. No mature polymorphonuclear leukocytes were seen, but leukaemic cells were rather sparsely scattered through the oedematous submucosa. Submucosal vessels were dilated and some contained thrombi adjacent to the areas of necrosis. Many Gram posi-0 tive bacilli were seen especially in the areas of necrosis, and these were all shown to be C septicum by specific immunofluorescence. No C difficile organisms were found. There were no leukaemic deposits in the caecum, but there were a few foci of mucosal necrosis and submucosal oedema was much more pronounced than in the ileum. CASE 2 A 20 year old man presented with acute myeloid leukaemia and treatment with DAT was started. Two days after completing the second course he was readmitted to hospital with slight fever, abdominal pain, and diarrhoea. He was tender to palpation in the right iliac fossa. The white blood cell count was 0-4 x 109/l with no neutrophils, and the platelet count was also reduced ( 19 x 109/1). C difficile infection was suspected, although he had not received antibiotics during the preceding three weeks, and a course of oral vancomycin was started.
During the next 24 h his condition deteriorated and guarding developed in the right iliac fossa. Intravenous gentamicin, cefotaxime, and metronidazole were started before diagnostic laparotomy. At operation the caecum and ascending colon were found to be grossly thickened and haemorrhagic, and there was a perforation in the lateral wall of the colon. A right hemicolectomy was performed. His condition improved, but a blood culture taken on admission yielded clostridium species on the first postoperative day and intravenous vancomycin was added to the antibiotic regimen. The clostridium was identified as C septicum and this organism was also cultured from the gut contents, but neither C difficile nor its toxin was detected. The patient made an uneventful recovery.
The surgical specimen showed a thickened purple caecum with an oedematous mucosa covered by a grey slough (Fig. 2) . Sections showed striking haemorrhagic oedema of the submucosa with patchy necrosis of the mucosa and submucosa. There was no gas formation. The muscularis propria was also necrotic in some places, and at one point involvement of the full thickness of the wall had led to perforation. The intact mucosa was strikingly abnormal, the epithelium of both surface and glands having been totally replaced by atypical immature cells, which were elongated and flattened on the surface with foci of surface epithelial loss. Many gland lumina contained necrotic desquamated cells. There was some evidence of regenerative activity at the bases of the crypts (Fig. 3) . In the foci of mucosal necrosis there were large numbers of organisms both King, Rampling, Wight, Warren in the ulcers and in the adjacent submucosa. Most organisms were Gram positive bacilli, but some were short and -others filamentous; Gram negative forms were also present (Fig. 4) . Despite this variable appearance all the organisms were positively identified as C septicum by specific immunofluorescence (Fig. 5 ). None stained with the C diffrile antiserum.
CASE 3
A 17 year old boy in his first relapse of acute lymphoblastic leukaemia has already been described because he had what was believed to be an atypical C difficile colitis.22 Remission induction treatment with DAT was followed by the development of neutropenia and fever. This was treated by intravenous cefotaxime and gentamicin for five days, followed by intravenous ceftazidine and vancomycin. On the fifth day of the second course he complained of colicky-central abdominal pain and over the next 8 h tenderness and guarding developed in the right iliac fossa. This was accompanied by abdominal distension, scanty bowel sounds, and slight icterus. Although he had vomited several times, there was no diarrhoea.
At laparotomy the caecum and ascending colon were found to be thickened and oedematous, and so id1 4 j l l group C difficile infection, it is likely that Csepticum colonisation is affected by antibiotics, and it is important to note that this organism is much more resistant to third generation cephalosporins and thienamycin than earlier cephalosporins or penicillins. 29 It seems probable that, as in braxy, predisposing physiological and structural damage to the mucosal barrier is necessary to initiate invasive C septicum infection (Table) . Also the relative rarity of C perfringens bacteraemia in neutropenic patients suggests that they may have a specific susceptibility to C septicum. Our patients showed three possible mechanisms. In case 2 there was extensive epithelial atypia present in the colonic mucosa, which, as in the cases described by Slavin,2 was associated with patchy necrosis of epithelial cells leading to attenuation and interruption of the surface layer in places. These changes are attributable to cytosine arabinoside, which was received by all of our patients. Slavin et a12 do not indicate whether the epithelial lesions have any predisposition for the ileocaecal region, but caecal necrosis has been encountered with other cytotoxic regimens.303'
In case 1 the lesions were clearly spatially related to ulcerated mucosal leukaemic deposits, another obvious portal of entry. This same mechanism, surface ulceration of tumours, probably accounts for the strong association between C septicum and cancers of the caecum.''-'9 Another possible mechanism may be mucosal damage resulting from haemorrhage due to thrombocytopenia.' I None of these mechanisms seems able to explain infection in patients with non-neoplastic agranulocytosis. Neutropenia, however, is associated with ulceration of the oral mucous membrane,'2 and similar lesions occur in the caecum. '2 Case 3 seems the most problematic. This case was initially reported as an atypical response to C difficile in a patient without neutrophils.22 C difficile and its toxin were undoubtedly present in the stool, but we have conclusively shown by specific immunofluorescence that the organisms present in the lesions were not C difficile but were in fact C septicum.
C difficile is now considered to be the main organism responsible for pseudomembranous enterocolitis,"33 3 which is usually associated with alteration to the normal gut bacterial flora caused by antibiotics.34 Morphologically, in non-neutropenic patients, the changes are distinctive. Case 3 showed none of the usual features of pseudomembranous enterocolitis, and we remain ignorant of the usual morphological consequences of infection by C difficile in neutropenia. It remains to be shown that C difficile has the power to cause tissue damage in the bowel wall by invasion. It is probable that this organism was responsible for the trivial mucosal damage in case 3, allowing invasion by the more aggressive C septicum. The .attractive hypothesis that neutropenic enterocolitis might have been directly a manifestation of C difficile infection alone2240 is thus no longer tenable in this particular case, and a synergic process entailing two clostridial species seems more likely.
Other clostridia are well recognised as causes of gut necrosis in animals, and C perfringens type C causes enteritis necroticans in man. The infection is histologically different from the cases we describe. As well as tending to occur in the upper gastrointestinal tract, the findings are dominated by haemorrhagic necrosis and submucosal gas bubbles rather than oedema, as well as systemic effects such as disseminated intravascular coagulation.
Previous reports of neutropenic enterocolitis have emphasised that multiple organisms are often found.34 It is interesting that many of these organisms-for example, pseudomonas, aeromonas, 342 and aspergillus-may be associated with vascular invasion and might thus be responsible for mucosal damage predisposing to clostridial invasion.
There are other explanations for the mixed bacterial flora seen on Gram stained slides. Firstly, C septicum is a highly pleomorphic organism which may range in size from long filaments to short citron and coccobacillary forms. Furthermore, as in old cultures, many of the organisms in lesions appear Gram negative, giving an impression that more than one organism is present. Secondly, as Blenkinsopp and Dupont" indicate, invasion of extensively necrotic gut wall by bowel flora may mask a primarily clostridial disease. This could also mask the responsible organism in postmortem bacteriology.7 Since all our cases were surgical excisions there had been little or no opportunity for overgrowth by other bacterial species.
Our experience with these three patients suggests that it may be valuable to screen neutropenic patients with abdominal symptoms for gut colonisation by C sepiicum as well as C difficile. The alcohol shock method using non-selective nutrient blood agar is an ideal and simple method. This may be particularly valuable in patients receiving antibiotics that prevent detection of bacteraemia as the spores will not be affected by the antibiotic. No model for clostridial infection in neutropenic animals has been devised. In neutropenic patients many species of clostridia may be found in the blood as components of polymicrobial bacteraemia. By contrast C septicum is usually isolated in pure growth, suggesting a primary pathogenic role. Other clostridia may also have this potential. The role of C difficile in neutropenic enterocolitis remains controversial. We have recovered two isolates as components of polymicrobial bacteraemia which could suggest either a potential for tissue invasion or a polymicrobial bacteraemia associated with colonic ulceration (Rampling et al. Unpublished observations). In either case it is likely that oral vancomycin and parenteral antibiotics effective against anaerobes will be appropriate treatment, as they would also be in C septicum infection.
In conclusion, the lesions of neutropenic enterocolitis have many of the features of the classic descriptions of infection by C septicum. Others have found the organism in the blood-we have found it in the bowel wall. This observation, made on three cases occurring in one unit in nine months, provides further support for Rifkin's suggestion'3 that this organism may play an important primary role in many more cases of neutropenic colitis than hitherto appreciated. The epidemiology of C septicum thus deserves further study, and active immunisation of patients at risk may well be justified in the future.
